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G. Z. Salzman, R. i).Hiebex azd J. H. JeC!.

M. 9artholdl

Abstract

;ie~resenz two approaches to rapid. single particle sizing for particles in the i to
.22Xm diameter range. One zethod meaaures multiangie scattered light over a pc?ar angular
.-ar.gec: ~early 360degrees. A second method LS based on the analysis of the pulse shapes
from small angle flrward scattered llgh:. In both cases the particles in liquid suspension
are ~de 50 pass 01s at a time through a focused laser beam for an131JSlS.

Intr5ductlon

L:ght scattering tias been-used far mar?y yeare to size distributionsof particles Ln
cuvette3. More recuntly, lnstrumencshave been develc!~ed in WMC5 ln~tvldualpzXLcleq in
the d:meter range from 1 to 20 Bm pass in single rile through a focused laser beam. The
L:g!?tacacte?ecl5Y a particle is then measured in several ways to determine its size. Some
of these tools have evolved from a biomedical research area named Flow Cytometry, which
describes measu~ementson biological cells in flow. Light scatte?tnghas played a
si3niflcantrale in the sizing of biological cells.’

tierewe focus on two techniques !’crmeaaurlng the sizes of ladlvldual particles. The
first Is a flew photometer baaed on an idea by Gucker and Tuna.Z The system’~. 1s capable
of $ampLlng 60 points in the scattered l:ght pattern of a Dartlcle as iu pasgea thrOUg!Ia
focused laser beam. The second Is an electronic pulse shape analysls module f~r uae with
any flow photometer having a :ocused laser beam width cor,parableto cr smali~~ than the
ca~ticles of Lrtersst.

The 350 de~ree l:qht scatter flow cho:cxeter

?Igure 1 shows a schematicdrawing 01’the ?60 deg?ee flow photcr,e:er.Tyke~~~ n= .Hav~-
i.?~gtt,laser beam with vertical po12rlzatioa lnteraectsthe Strsam of garticles at one ?CCUS
z.:’In ellipsoidalreflector. Light scattered In zhe vertical piane over :he ?olar angular
.rar.Sef?om apFrcxLm~teiyQ degre%s to 175degre~s and from 185 deurees to 356 ueg?ees :s
refl~eted from the elllpsci.dalmlr:or toward a multielementdetectcr array. This 2 cm
dl:z?ter c:rcular array ccnsists of 60 a:liccn PI?IphotodLode9 in :nlp fern, mounted cn .3
ce?mnlc substrate. Each element subtends a polar angular rang? o? 2.3 d+grees. The signal
f’rsfcea:h d?tector 1s pr~ampllf’ledby a hybrid clrcult mounted c:ose to :>e array. A
selected suoset of 32 of the signals is logarithmicallyamplified, digi:zed and ste?ed on a
computer dLJk a: Fates up to :000 gartlcles/sec.’#’
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Figure 1. Schematic drawlnp of the 360 degree flow photometer.
The section of ●ll:pqoldalreflector 1s enclosed in a fluid-
Filled chamber with a quartz window facing the detector array.
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elements in the forward direction. The ordiaate ~hows number
of particles and the abazlsaa st?ows3 decades IJ:’lc%arlthnic
scattered light Lntensl:y.
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Figure 3. Hypotheticalpul~e from a cletectarsksw%ng
aeve?al types of pulse ahape measurement. CPRT and
CFPW are constant fraction rise:ime and palae wld?”,. res~ectlvtily.

PH. CFP!f(F’1)La the constant rractlon puise width at fract:m ?1 or the p:~lseheighz PH.

To meaaur~ ~hese two particlt parameter Me u~ed an enclo?.edflow ch9mbe? WLE!Iplar!e
wlndowa in ‘which15 is poau;ble to clirectlymeaaur? ror’wardllght scat:sr,,lntl:eho?lzontal
plane ~t a polar angle o!’0.38 + or - 0.05 degree~ ufi!nga 1 .mmsquare pho?odiote detect6r.
The 48’snm laae? beam po:arlzation was vertical with a waist or 10.5 urnperpendicularto
the rlow direction. Aa teet particles we uat?d the same polystyrene latax part~cletias
tnoae deacrlbed above. Plgurea Q and 5 show the data Fo? c~nstant rract~on r’iset~me?ror
~~)~ to 90% d the pulse height, CFRT(ICI-gO),
tile pulse heLght,

and Cc.natanc fraction ?ulse width at 10% ar
“=UW(L3), reapectt’~eiy.Tke curvca In ?igu?es ~ and 5 are ?rom a

tneorecicalmodel con;a:ning no free parafnecera. In each caae the curvek, were normalized
to the data at 5.0 pm by a ractor dependent only on amplifier gain and f’lewveloc:ty. ~~y
the limiting case where the partlclea are much wider than the beam, wkich is net quits
achieved 3ere, the conetant t’?actionrise:ime and PU13C width are d<reccly prc~urtiona: to
particle ifldth!.nthe dlrect:on of flow. 2etails or the L4,?ory.as,wellaa tke c!eslgr. a? ~n
electronicmoduie to measure these parameter~ are given elsewhere.
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Figure 4. Comparison between theory w.d experlnenc
f%r COnStant Fraczion Msetlrne measure!nentsbetween
10$ and 90S of the pulse hel~ht. The full width of
the beam at the e-2 intensity polnta Is lG.5 urn.
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